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Technical Field 

-The present invention relates to an optical microcantilever capable of 
effectively propagating light, and a manufacturing method thereof, and a 
microcantilever holder for fixing an optical element actuated by the optical 
microcantilever and light incident to the optical microcantilever, and light 
outputted from the optical microcantilever. 


Background Art 

With such scanning near field microscopes, the tip of a rectilinear optical fiber 
15 probe maintained perpendicular to the sample is made to vibrate horizontally 
with respect to the sample surface and changes in the amplitude of vibrations 
occurring due to the shear force between the sample surface and the tip of the 
optical fiber are detected. Changes in the amplitude are detected by irradiating 
the tip of the optical fiber probe with laser light and detecting changes in the 
20 shadow of the tip. A gap between the tip of the optical fiber probe and the 
surface of the material is kept fixed by moving the sample using a fine-motion 
mechanism so that the amplitude of the vibrations of the optical fiber probe are 
constant, and the shape of the surface is detected and the optical permeability 
of the sample measured from the intensity of a signal inputted to the fine-motion 
25 mechanism. 

There is also proposed (in Japanese Patent Publication Laid-open No. HeL 



^7-17452) a scanning near field atomic force microscope where near field light is 
generated/at the tip of an optical fiber probe as a result of introducing laser light 
into an optical fiber probe simultaneously with an AEM-operation employing the 
pointed optical fiber probe as a cantilever for an atomic force microscope 
5 (hereinafter referred to as AFM) and the shape of the surface; of a sample is 
detected and the .optical characteristics of the sample are measured using the 
mutual interaction between the generated near field light and the sample. FIG. 
12 is a side cross-section of a related example of an optical waveguide probe. 
This optical waveguide probe 110 employs an optical waveguide 101 as an 
10 optical fiber and the optical waveguide 101 is surrounded by a metal film 102. A 
pointed tip 103 is formed at one end of the optical waveguide probe 110 and a 
microscopic aperture 104 for generating near field light is provided at the. end of 
the tip 103. The tip 103 is formed by bending the tip of the optical waveguide 
probe 110 around towards the sample (not shown). * 
15 Microcantilevers of the kind shown in FIG. 13 are well known in the related art 
(T. Niwa et al.. Journal of Microscopy, vol. 194, pt. 2/3, pp.388-392). At an 
optical microcantilever 120, an optical waveguide 1 i 1 is laminated from a core 
layer and a cladding layer and a metal film 112 is provided at the surface of the 
optical waveguide 111. A pointed tip 119 is formed at one end of the optical 
20 mircocantilever 120 and a support section 114 for fixing the optical 
microcantilever 120 is formed at the other end of the optical microcantilever 120. 
A microscopic aperture 113 for generating near field light is provided at the end 
of the tip 1 19. 

The end of the optical microcantilever 120 at which the tip 119 is formed is 
25 referred to as the free end of the cantilever, and the optical waveguide end 
where the support section 114 is formed is referred to as the incident light end 
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117. The free end is bent in such a manner that the microscopic aperture 113 
becomes in close proximity to the sample (not shown), and light propagated 
from the incident light end 1 1 7 enters the optical waveguide 111 

An optical fiber guide channel 115 for fixing the optical fiber is formed at the 
5 support section 114. FIG. 14 shows the situation when an optical fiber 130 is 
fixed to the optical fiber guide channel 115. Light propagating from the optical 
fiber 130 enters the optical waveguide 111 via the incident light end 117 and is 
guided to the microscopic aperture 1 13 by the optical waveguide 111. Near field 
light is generated in the vicinity of the microscopic aperture 113 as a result of 

10 propagating light ; attempting to pass through the microscopic aperture 113. 
Conversely, near field light generated at the surface of the sample is scattered 
by the microscopic aperture 113 so as to generate propagating light and this 
propagating light can be detected at the incident light end 117 via the 
microscopic aperture 113 and the optical waveguide 111. Installation of the 

15 optical fiber 1 30 is straightforward because the optical fiber guide channel 1 1 5 is 
provided at the support section 114 and there is little trouble involved in aligning 
the optical microcantilever 120 and the optical fiber 130 during changing, etc. 

However, productivity for the optical waveguide probe 110 is poor because 
the optical fiber 101 is employed as a material, which involves a large number of 

20 steps and is made manually. Further, even if the optical fiber 101 is covered in 
the metal film 102, propagating light loss occurs at locations where the optical 
fiber 101 is bent and light is therefore not propagated in an efficient manner, 
with this loss becoming more substantial as the angle of bending becomes more 
dramatic. Conversely, if the angle of bending is made smoother, the optical fiber 

25 probe becomes longer and handling therefore becomes more troublesome. 

The optical microcantilever 120 has superior productivity and uniformity but 
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loss of propagating light occurs at the optical waveguide 111 even when the 
metal film 112 is provided at the surface of the optical waveguide 111 and the 
propagating light cannot be propagated in an effective manner. In this 
manufacturing process, a smooth sloping surface f16 occurs between the 
5 incident light end 117 and the optical fiber guide channel 115 as shown in FIG. 
14 and it is therefore difficult to get the optical fiber 130 sufficiently close to the 
incident light end 117 and the efficiency of the incident light is poor, i.e. coupling 
loss increases. Light is scattered at the incident light end 117 of the optical 
microcantilever 120 while light is made to pass through the incident light end 
10 117 by the optical fiber 130 and scattered light also propagates in the direction 
of the microscopic aperture 113. This therefore causes the S/N ratio of a light 
image for the scanning type near field microscope to fall. 


In order toTesoTve the aforementioned problems it is therefore the object of 
the present invention to provide an optical microcantilever bar capable of 

15 admitting and propagating !igh\ in an efficient manner, and a manufacturing 
method for making this kind of oVtical microcantilever. It is a further object to 
provide an optical microcantil^/er holder for supporting the optical 
microcantilever bar and an optical elVnent. It is a still further object to provide 
an optical microcantilever bar capable ^improving an S/N ratio of a light image 

20 of a scanning nea^f[eld microscope. 


jzjJli^dL^K D isclosu^of Xhe Invention 


In order to achieve the altorementionea^lolDjects, an optical micrdcantnever o' 
claim 1 is an optical micrqjcantilever for use with a scanning near field 
25 microscope, comprising an optVal waveguide, having a light input/output end 
and a free end, for propagating^ light, a tip formed at the free end, with a 




microscopic aperture at an end thereof, and reflecting means for reflecting light 
propagated from the light inpc^/output end. in such a manner that the light is 
guided towards the microscopic Aperture, ' or, reflecting light propagated from the 
microscopic aperture towardj^thejl^ , , 


5 The above optical microcantilever i$_ provided with reflecting means for 

reflecting light propagated from the light input/output end in such a manner that 
the light is guided towards the microscopic aperture, or reflecting light 
propagated from the microscopic aperture towards the light input/output end. 
This reflecting means reflects propagating light in an efficient manner and 
10 reduces loss in light propagated towards the microscopic aperture. 


Further, an optical mictocantilever of claim 2 is an optical microcantilever for 
use with a scanning near\eld microscope, comprising an optical waveguide, 
having a light input/output en^ and a free end and a nose section at an angle 
with respect to an optical axis^f propagating light passing through the light 
15 input/output end, for propagating^light, a tip formed at the free end, with a 
microscopic aperture at an end thereof, reflecting means for reflecting light 
propagated from the light input/output^end in such a manner that the light is 
guided towards the microscopic aperture/W reflecting light propagated from the 
microscopic ap e r t u r e towards theJjghHngu^ut^ut end. 


20 The above optical microcantilever is provided with reflecting means for 

reflecting light propagated from the light input/output end in such a manner that 
the light is guided towards the microscopic aperture, or reflecting light 
propagated from the microscopic aperture towards the light input/output end, 
and a portion having an angle with respect to an optica! axis of propagating light 

25 passing through the light input/output end. This reflecting means reflects 
propagating light in an efficient manner and reduces loss in light propagated 
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towards the microscopic aperture. It is therefore possible to observe the surface 
of a material having a large step by adjusting the length of the portion having an 
angle with respect to the optical axis of the propagating light passing through 
the light input/output end. : :'{;.. ] 


5 The optical microcantilever \f claim 3 is, the optical microcantilever of claim 1 
or claim 2, where at least part m the optical waveguide comprises a core, and 
cladding deposited on one side\f the core, or both sides of the core, or 
deposited so as to surround th.e_cpj.e3l 


Because the optical waveguide of this optical microcantilever comprises a 
10 core, and cladding deposited on one side of the core, or both sides of the core, 
or deposited so as to surround the core, propagating light propagated by the 
optical waveguideis prevented from leaking to the outside, and the propagating 
light is propagated within the optical waveguide under conditions of total 
reflection. 


T5 The optical microcantilever oVslaim 4 is the optical microcantilever of any one 
of claims 1 to 3, where a light-blocWig film is provided on the optical waveguide 
at the side where the tip is formed,\and a reflecting film is provided at the 
o p p osite side to the side where the tijgisf^mjed^ 


As a result of providing this optical microcantilever with a light-blocking film 
20 on the optical waveguide at the side where the tip is formed, and a reflecting film 
at the opposite side to the side where the tip is formed, propagating light 
propagated by the optical waveguide is prevented from leaking to the outside. 


In order to achieve the aforemerttioned objects, a method of 'manufacturing an 
optical microcantilever of claim 5 ite a method for manufacturing an optical 
25 microcantilever for use with a scanninginear field microscope, including steps of 
forming a step to be taken as a mold for\an optical waveguide at the substrate, 




i:=tf 


depositing a reflecting film onthe substrate, depositing an optical waveguide on 
the reflecting film, forming a tipNby working the optical waveguide, depositing a 
light-blocking film on the optical waveguide, forming a microscopic aperture at 
the end of the tip, and forming aVipportihg section by having the substrate 
remain on the side to be a light input/output end and removing the. substrate on 
_t h e.si.d.ejp^be thefreeend. 


This method of manufacturing an optical microcantilever includes the steps of 
forming a step to be taken as a mold for an optical waveguide>at the substrate, 
depositing a reflecting film oh the substrate,, depositing an optical waveguide on 

10 the reflecting film, forming a tip by working the optical waveguide, depositing a 
light-blocking film on the optical waveguide, forming a microscopic aperture at 
the end of the tip, and forming a supporting section by having the substrate 
remain on the side to be a light input/output end and removing the substrate on 
the side to be the free end. 

15 The above optical microcantilever is provided with a reflecting film for 
reflecting light propagated from the light input/output end in such a manner that 
the light is guided towards the microscopic aperture, 'and reflecting light 
propagated from the microscopic aperture towards the light input/output end so 
that propagating light can be reflected in an efficient manner and loss of 

20 propagating light can be reduced. Further, batch processing is possible for these 
processes by employing silicon processing, and optical microcantilevers with 
superior productivity and uniformity can therefore be made. 


The method for manufacturiW] the optical microcantilever of claim 6 is the 
method of manufacturing the optical microcantilever of claim 5, where an angle 
25 of the step formed in the step formingVep is an angle enabling propagating light 
propagating from the light input/output errekto be guided towards-the microscopic 
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aperture by the reflecting filnAleposited in the reflecting film depositing step, or 
is an angle enabling propagatingvlight propagating from the microscopic aperture 
to be guj^^Qw^j^ 


V 


In this method for manufacturing the optical microcantilever, the angle of the 
5 step formed in the step forming step is an angle that enables propagating light 
propagating from the light input/output end to be guided towards the microscopic 
aperture by the reflecting film deposited in the reflecting film depositing step, or 
is an angle that enables propagating light propagating from the microscopic 
aperture to be guided towards the light input/output end. The reflecting film 
10 formed in this manner reflects propagating light in an efficient manner and 
reduces loss of propagating light. 


" In order to achieve the aforementioned objects, an optical microcantilever of 
claim 7 is an optical microcantilever comprising a cantilever constituted by an 
optical waveguide, a supporting section for the cantilever, the optical waveguide 
15 having a light input/output end and \ free end, an optical element guide formed 
at the supporting section for deciding^ position of an optical element acting on 
light entering the optical waveguideVsr on light exiting from the optical 
waveguide, and a channel provided between the light input/output end and the 
optical eleji!ejiJt_gjLild,e.. , , ,,, 


20 This optical microcantilever has a channel formed between the light 

input/output end of the optical waveguide and the optical element guide. By 
forming a channel between the light input/output end of the optical waveguide 
and the optical element guide, an inclined surface providing an obstacle 
between an optical element acting on light entering the light input/output end 

25 and the optical waveguide or light outputted from the optical waveguide can be 
made substantially perpendicular and the optical element can therefore be 
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located close to the light input/output end. 


In order to achieve the aforementioned objects, a method of manufacturing an 
optical microcantilevfer of claliri 8 is a method for manufacturing an optical 
microcantilever for use with a scanning near field microscope, comprising the 
steps of forming a step to be taicen as a mold for an optical waveguide at the 
substrate, forming an optical element guide at the substrate, depositing an 

V 

optical waveguide on the substrata, forming a light input/output end of the 
optical waveguide, forming a channelMw working the substrate between the light 
input/output end and the optical element guide, exposing the optical element 
10 guide by removing the optical wavegurae on the optical element guide, and 
forming a supporting section by having they substrate remain on the side to be a 


I i g ht i n p u t/o u t p ut e n d_agdj:emo vina Jh.^^ d^ 
This method of manufacturing an optical microcantilever includes the steps of 
forming a step to be taken as a mold for an optical waveguide at the substrate, 

15 forming an optical element guide at the substrate, depositing an optical 
waveguide on the substrate, forming a light input/output end of the optical 
waveguide, forming a channel by working the substrate between the light 
input/output end and the optical element guide, exposing the optical element 
guide by removing the optical waveguide on the optical element guide, and 

20 forming a supporting section by having the substrate remain on the side to be a 
light input/output end and removing the substrate on the side to be the free end. 

A guide for fixing an optical element acting on light entering the light 
input/output end and the optical waveguide or light outputted from the optical 
waveguide can therefore be formed and an inclined surface providing an 

25 obstacle between the light input/output end and the optical element can be made 
substantially perpendicular. Further, batch processing is possible for these 
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processes by employing silicon processing, and optical microcantilevers with 
superior productivity and uniformity can therefore be made. 


In order to achieve the aforementioned objects, a method of manufacturing an 

optical microcantilever of claim 9 is a method for manufacturing an optical 

5 microcantilever for use with a Vanning near field microscope, including the 

steps of forming ; a step to be taK^n as a mold for an optical waveguide at the 

substrate, forming an optical elJWient guide at the substrate, depositing a 

\ 

reflecting film on the substrate, depositing an optical waveguide on the reflecting 
film, forming a tip by working the optical waveguide, depositing a light-blocking 

10 film on the optical waveguide, forming a microscopic aperture at the end of the 
tip, forming a light input/output end oAthe optical waveguide by removing the 
light-blocking film, the optical waveguide, and the reflecting film, for the portion 
to constitute the light input/output endlof the optical waveguide; forming a 
channel by working the substrate between the light input/output end and the 

15 optical element guide, exposing the opti^l element guide by removing the 
light-blocking film, the optical waveguide, aid the reflecting film on the optical 
element guide, and forming a supporting sectTpn by having the substrate remain 
on the side to be a light input/output end and removing the substrate on the side 
to be.th£Jxe.e^end 


20 This method of manufacturing an optical microcantilever includes the steps of 
forming a step to be taken as a mold for an optical waveguide at the substrate, 
forming an optical element guide at the substrate, depositing a reflecting film on 
the substrate, depositing an optical waveguide on the reflecting film, forming a 
tip by working the optical waveguide, depositing a light-blocking film on the 

25 optical waveguide, forming a microscopic aperture at the end of the tip, forming 
a light input/output end of the optical waveguide by removing the light-blocking 



film, the optical waveguide, and the reflecting film, for the portion to constitute 
the light input/output end of the optical waveguide, forming a channel by working 
the substrate between the light input/output end and the optical element guide, 
exposing the optical element guide by removing the light-blocking film, the 
5 optical waveguide, and the * reflecting film on the optical element guide, and 
forming a supporting section by having the substrate remain on the side to be a 
light input/output end and removing the substrate on the side to be the free end. 

As a result, a guide for fixing the optical element can be formed and an 
inclined surface providing an obstacle between the light input/output end and the 

10 optical element can be made substantially perpendicular. Further, a reflecting 
film for reflecting light propagated from the light input/output end in such a 
manner that the light is guided towards the microscopic aperture, or reflecting 
light propagated from the microscopic aperture towards the Jight input/output 
end can be formed, propagating light can be reflected in an. efficient manner, 

15 and there is no longer any loss of propagating light. Further, batch processing is 
possible for these processes by employing silicon processing, and optical 
microcantilevers with superior productivity and uniformity can therefore be 
made. 

In order to achieve the aforementioned objects, there is also provided an 
20 optical microcantilever guide t for supporting an optical microcantilever, and an 
optical element guide for deciding a position of an optical element acting on light 
entering the optical microcantilever or on light exiting from the optical 
microcantilever. 

With this optical microcantilever holder, an optical microcantilever guide for 
25 supporting an optical microcantilever and an optical element guide for 
supporting the optical element at the optical microcantilever are formed. The 
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optical microcantilever and the optical element can therefore be aligned simply 
by installing the optical microcantilever at the optical microcantilever guide and 
installing the optical element at the optical element guide. 


In order to achieve the aforementioned objects, an optical microcantilever of 
claim 11 is an optical microcantilever comprising a cantilever-shaped optical 
waveguide, a tip formed at the ftee end of the optical waveguide and having a 
microscopic aperture at an end thereof, wherein the optical waveguide 


comprises: a light input/output end at a fixed end thereof, a nose section formed 
between the free end and the fixed end at an angle with respect to an optical 
10 axis of the optical waveguide of the fixe^i end, and reflecting mejans for reflecting 
light propagating from the light input/output end in such a manner that the light 
is guided towards the nose section, antt/or reflecting light detected by the 
microscopic aperture and transmitted to ti^p nose section towards the light 
input/output end. , , , 


15 Further, an optical microcari^lever of claim 12 is the optical microcantilever of 

claim 1 1 , wherein 

the optical waveguide has a heefci section at the end of the nose section 
extending substantially parallel with tfte optical waveguide of the fixed end, and 
the ti p^^aim ^ 


20 This optical microcantilever can measure samples with large steps as a result 
of the nose section being provided, and the tip is easy to form. 


In i o7der to achieve the aforementioned o.bjects, the optical microcantilever of 
claim 13 is the optical microcantilever of any one of claims 1 to 3, 11, or 12, 
wherein a lens is provided betw^fen the tip and the reflecting means. Further, the 
25 optical microcantilever of claim TO is the optical microcantilever of claim 13 
w here the lens is a convex lens. M<\eover, the optical microcantilever of claim 


r 

13 


i 





15 is the optical microcantliever of claim .13 where the lens is a fresnel lens. Still 
further, the optical microcarftHever of claim 16 is the optical microcantilever of 
claim 13 where the lens is a gradient-index lens . 


Further, the light of a high energy density can be guided into the microscopic 
aperture using the lens and near field light irradiated from the microscopic 
aperture can be of a substantial intensity. And/or, light detected by the 
microscopic apeVture can be transmitted to a detector in an 1 efficient manner as 
detection light by collimating the detected light using the lens. 
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In order to achie"ve the aforementioned objects, the optical microcantilever of 
claim 17 is the optical microcantilever of any one of claims 1 to 3, or 11 to 16, 
wherein the tip of the optical micibcantilever employed in a scanning near field 
microscope is formed of a material having a higher refractive index than the 
o ptical waveguide. 

Because the tip of this optical microcantilever is formed of a material of a high 
refractive index, efficiency of irradiation of light from the microscopic aperture 
and/or the efficiency of generation of near field light to be detected and/or the 
efficiency of detection can be increased. 

" In order to achieve the aforementioned objects, an optical microcantilever of 
claim 18 comprises a substratAa cantilever-shaped optical waveguide formed 
at the substrate, a tip, having a microscopic aperture at an end thereof, formed 
at a side of the free end of the canti\ver, a light input/output end positioned at a 
side of the fixed end of the optical Waveguide, and an optical element guide, 
formed on the substrate on the side of tRe light input/output end, for deciding a 
position of an optical element acting on ligUt entering the optica! waveguide and 
on light exiting from the optical waveguide, ^/herein the light input/output end 
projects above the optical elemei^gujde^ 
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With this optical microcantilever, a distance between the light input/output 
end and the optical element can be made shorter because the light input/output 
end projects above the optical element guide. The efficiency with which light 
entering the optical waveguide and/or light outputted from the optical waveguide 
5 can be introduced and/or detected is therefore good. 


In order to achieve the aforementioned objects, an optical microcantilever of 
claim 19 comprises a substrate, \ cantilever-shaped optical waveguide formed 
at the substrate, a light input/outpVt end positioned at a side of the fixed end of 
the optical waveguide, a tip providedtet the side of the free end of the cantilever 

10. and having a microscopic aperture at\n end thereof, and light-blocking means 
for ensuring that light scattered by the ligjht input/output end is not transmitted in 

the direction of the_Up- 


Further, an optical microcanlWever of claim 20 is the optical microcantilever of 
claim 19, wherein the light-blockirtameans is arranged above the substrate and 
15 the optical waveguide, and provides ^Vall for blocking the scattered light. 


Further, an optical microcantilever of claim 21 is the optical microcantilever of 
claim 19, wherein the light-blocking means comprises a light-blocking agent 
located on the substrate and the opttaal waveguide and a light-blocking film 
located on the light-blocking agent, and t^ light-blocking film is located in such 
20 a manner as to_ci)v_eX-aLLaas,U^ 


Further, an optical microcantilever of claim 22 is the optical microcantilever of 
claim 19, wherein the light-blocking means comprises: a light-blocking film 
s(\jjr^ located on the substrate and the optical waveguide and a light-blocking agent 

arranged so as to cover at least part ofc an end of the light-blocking film, and the 
I/* 25 light-blocking film is located in such Amanner as to cover at least the light 
input/output end. Further, an optical microcantilever of claim 23 is the optical 
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microcantilever of any one of (kaims 21 to 22, wherein the light-blocking film is 

movab|e^„__ M __ — ^^^^^^^^^^^ • v-—™-*^ 

With this optical microcantilever, the light-blocking means ensures that light 
scattered by the light input/output end isgnot transmitted in the direction of the 
5 tip and this therefore improves the S/N rjptip of optical images of the scanning 
» near field microscope so that the scanning speed of the scanning near field 
microscope can be improved accordingly. Deciding of the position of the optical 
element and the light input/output end of the waveguide can be performed during 
observation because the light-blocking film is movable and positioning of the 
10 optical element can therefore be carried out in a precise and straightforward 
manner: 

Brief Description of the Drawings 

FIG. 1 is a side cross-section of an optical microcantilever of a first 
15 embodiment of the present invention. 

FIG. 2 is a view illustrating a process for manufacturing the optical 
microcantilever of FIG. 1. 

FIG. 3 is a structural view illustrating a scanning near field microscope 
employing the optical microcantilever of FIG. 1. 
20 FIG. 4 is a side cross-section of an optical microcantilever of a second 

embodiment of the present invention. 

FIG. 5 is a side cross-section of an optical microcantilever of a third 
embodiment of the present invention. 

FIG. 6 is a view illustrating the situation when an optical fiber is installed in an 
25 optical element guide of the optical microcantilever of FIG. 5. 

FIG. 7 is a view illustrating a process for manufacturing the optical 

i 
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microcantilever of FIG. 5. r 

FIG. 8 is a view illustrating a process for manufacturing the optical 

microcantilever of FIG. 5. !. 

FIG. 9 is a schematic view of an 1 ] optical microcantilever of a fourth 

5 embodiment of the present invention. 11 

•tfc - 

FIG. 10 is a view illustrating the situation when an optical microcantilever and 
an optical fiber are installed at the optical microcantilever holder of FIG. 9. 

FIG. 11 is a view illustrating the situation when an optical microcantilever and 
an optical fiber are installed a't the optical microcantilever holder of FIG. 9. 
10 FIG. 12 is a side cross-section of a related example of an optical fiber probe, 
f FIG. 13 is a side cross-section of a related optical microcantilever having an 
optical fiber guide channel. 

FIG. 14 is a view illustrating the situation when an optical fiber is installed in 
an optical fiber guide of the optical microcantilever of FIG. 13. 
15 FIG. 15 is a structural view of an optical microcantilever of a fifth embodiment 
of the present invention. v 

FIG. 16 is a view showing a method for manufacturing the optical 
microcantilever of the fifth embodiment of the present invention. 

FIG. 17 is a structural view of an optical microcantilever of a sixth 
20 embodiment of the present invention. 

FIG. 18 is a view showing a method for manufacturing the optical 
microcantilever of the sixth embodiment of the present invention.; 

FIG. 19 is a structural view of an optical microcantilever of a seventh 
embodiment of the present invention. 
25 . FIG. 20 is a view showing the situation when an optical fiber is fixed to the 
optical microcantilever of FIG. 19. 


17 


FIG. 21 is a view showing a method for forming a projecting section of the 
optical microcantilever of FIG. 19. 

FIG. 22 is a further view showing a method. for forming a projecting section of 
the optical microcantilever of FIG. 19. 
5 FIG. 23 is a view showing a pattern for an optical fiber channel of the optical 
microcantilever of FIG. 19. 

FIG. 24 is a structural view a section introducing light to an optical 
microcantilever of an eighth embodiment of the present invention. 

FIG. 25 is a structural view of an optical microcantilever of a ninth 
10 embodiment of the present invention. 

FIG. 26 is a structural view of an optical microcantilever of a tenth 
embodiment of the present invention. 

FIG. 27 is a structural view of an optical microcantilever of an eleventh 
embodiment of the present invention. 
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The following is a detailed description, with reference to the appended 
drawings, of an optical microcantilever, a manufacturing method thereof, and an 
optical microcantilever holder of the present invention. 

20 First Embodiment 

FIG. 1 is a side cross-section of an optical microcantilever of a first 
embodiment of the present invention. An optical microcantilever 10 comprises a 
support 1, an optical waveguide 2, a light-blocking film 3, a reflecting film 4, a 
pointed tip 5, a microscopic aperture 6 formed at the end of the tip 5, and a 

25 mirror 7. The end of the optical microcantilever 10 where the support 1 is 
formed is referred to as the light inputting/outputting end and ttfe end where the 
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tip 5 is formed is referred to as the free end. 

The portion shown by L in FIG. 1 has a length of f for example, 50 to 1000^m, 
a width of, for example, 10 to lOO^m, and a thickness of, for example, 4 to *\0\xm. 
The height of the tip 5 is, for example, 5 to 10 \im. The radius of the end of the 
5 tip 5 is 50nm or less and is equivalent to an AFM cantilever tip. The size of the 
microscopic aperture 6 is 100nm or less. The support 1 is composed of silicon, 
glass, or quartz etc., the optical waveguide 2 is composed of silicon dioxide or 
polymide, etc., the light-blocking film 3 is composed of chromium, aluminum, or 
titanium, etc., and the reflecting film 4 is composed of a high reflectance 
10 material such as gold or aluminum, etc. The mirror 7 is part of the reflecting film 
4. 

Propagating light outputted from a light source (not shown) enters the optical 
waveguide 2 from the light input/output end 8 of the optical waveguide 2. The 
mirror 7 reflects propagating light H propagating from the light input/output end 8 
15 so as to be guided towards the microscopic aperture 6. Near field light is then 
generated in the vicinity of the microscopic aperture 6 as a result of the 
propagating light H attempting to pass through the microscopic aperture 6. The 
propagating light can therefore be efficiently reflected towards the microscopic 

aperture 6 because the optical microcantilever 10 employs the mirror 7 to 

X 

20 change the light path of the propagating light H and the loss of propagating light 

can therefore be reduced. 

Next, a description is given, using FIG. 2, of a method for manufacturing the 

optical microcantilever 10. First, as shown in FIG. 2(a), a silicon substrate 50 is 

prepared, but if a mold is made this can also be a glass or quartz substrate. 
25 Next, as shown in FIG. 2(b), a step is formed in the silicon substrate 50 by 

anisotropic etching using a potassium hydroxide (KOH) or tetramethyl 
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ammonium hydroxide (TMAH), and a mold is made. Next, as shown in FIG. 2(c) ( 
a reflecting film material 51 and a waveguide material 52 are deposited on the 
silicon substrate 50. The reflecting film material 51 is a high reflectance material 
such as gold or aluminum, and the waveguide material 52 is, for example, silicon 
dioxide or polymide, etc. 

. Next, as shown in FIG. 2(d), a mask 53 of photoresist material is formed at 
the location on the waveguide material 52 that is to be the tip 5. The waveguide 
material 52 is then removed along the dotted line in the drawing by dry or wet 
etching. As a result of this, the pointed tip 5 shown in FIG. 2(e) is formed. 
Unrequired portions of the reflecting film material 51 can be removed together 
with forming the tip or can be removed in a later process. Next, as shown in FIG. 
2(f), a light-blocking film material 55 is deposited so as to cover the silicon 
substrate 50, the reflecting film material 51 and the waveguide-rpaterial 52. The 
light-blocking film material 55 is made of, for example, chromium, aluminum or 
titanium, etc. 

Next, as shown in FIG. 2(g), a mask 56 of photoresist material is formed on 
the waveguide material 55. The light-blocking film material 55 is then removed 
from the end of the tip 5 by dry or wet etching and the microscopic aperture 6 
(refer to FIG. 2(h)) is formed. Finally, as shown in FIG. 2(h), the silicon substrate 
50 that becomes the light input output end remains, and the optical 
microcantilever 10 is formed by etching off the silicon substrate 50 on the side of 
the free end. 

The microscopic aperture 6 at the end of the tip 5 is formed at a position 
where light propagating in the waveguide material 52 is reflected towards the 
microscopic aperture 6 by the reflecting film material 51 deposited at the step of 
the silicon substrate 50. 
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FIG. 3 is a view of a configuration .pf a scanning near field microscope 
employing the optical microcantilever 10. A scanning near field microscope 1000 
comprises the optical microcantilever 10, a light source 509, a lens 510 for 
focussing light propagating from the light source 509 and irradiating this light to 
the light waveguide of the optical microcantilever 10, a prism 502 for reflecting 
propagating light obtained by scattering o ! f near field light generated at the end 
of the optical microcantilever 10 located 1 below a sample 501, a lens 505 for 
focussing light propagating from the prism 502, and a photodetector 506 for 
receiving propagating light focussed by the lens 505. 

A laser oscillator 512 for generating laser light, a mirror 513 for reflecting 
laser light reflected at the free end of the optical microcantilever 10, and a 
photoelectric transducer 511 divided into t upper and lower parts for receiving 
laser light reflected at the mirror 513 are provided above the optical 
microcantilever 10. A fine movement mechanism 503 and coarse movement 
mechanism 504 for controlling movement of the sample 501 and the prism 502 in 
three dimensions, a servo mechanism !!508 for driving the fine movement 
mechanism 503 and the coarse movement mechanism 504, and a computer 507 
for controlling the whole of the equipment '(are also provided. The scanning near 
field microscope 1000 can observe in a dynamic mode or a contact mode. 

Next, a description is given of the operation of the scanning near field 
microscope 1000. Laser light generated by the laser oscillator 512 is reflected 
by the free end of the optical microcantilever 10. The optical microcantilever 10 
then shifts due to interatomic force between the end of the optical 
microcantilever 10 and the sample 501. The angle of reflection of laser light 
reflected by the free end of the optical microcantilever 10 then shifts and this 
shift is detected by the photoelectric transducer 511, with a signal detected 
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by the photoelectric transducer 511 being sent to the computer 507. The 
computer 507 controls the approach of the optical microcantilever 10 to the 
sample 501 and controls the fine movement mechanism 503 and the coarse 
movement mechanism 504 using the servo mechanism 508 in such a manner 
5 that deflection of the optical microcantilever 10 while scanning the surface does 
not exceed a set value. 

Further, propagating light outputted from the light source 509 is focused by 
the lens 510 and irradiated to the microscopic aperture via the optical waveguide 
of the optical microcantilever 10 so thatjnear field light is generated in the 
10 vicinity of the microscopic aperture of the optical microcantilever 10. Optical 
information of the sample 501 reflected by, the prism 502 is focussed by the lens 
505 and gui'ded towards the photodetector, 506. The computer 507 receives the 

i' - 

signal from the photodetector 506, detects optical information of the sample 501 
from this signal, and makes a topographical image and optical image. 

15 According to the optical microcantilever 10 of the first embodiment, 

a. 

propagating light H can be efficiently converted to near field light because 
propagating light H propagating from the light input/output end 8 of the optical 
waveguide 2 is reflected by the mirror 7 so as to be guided to the microscopic 
aperture 6, and loss of propagating light can therefore be reduced. Further, it is 

20 also possible to obtain high resolution topographical images and optical images 
because the tip 5 is pointed and the microscopic aperture can be made small. 
Moreover, loss of propagating light can be further reduced and near field light of 
substantial intensity can be generated because the distance from the mirror 7 to 
the microscopic aperture 6 is short. Handling is also straightforward because 

25 the overall size is small. 

Further, according to the method of manufacturing the optical microcantilever 

■ # 
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10 of the first embodiment, the mirror 7. for reflecting the propagating light H 
from the light input/output end towards the microscopic aperture 6 can be 
formed and the optical microcantilever 10 where loss of propagating light is 
reduced can be easily made. Further, batch processing is possible for the steps 
5 shown in FIG. 2 by employing silicon processing, and optical microcantilevers 
with superior productivity and uniformity can therefore be made. 

In the above, a optical waveguide 2 of a single layer structure is shown in the 
drawings. However, the optical waveguide 2 may also have a two layer structure 
of a core of a high refractive index and cladding of a low refractive index, or a 
10 three layer structure, or a structure where the surroundings 1 of the core are 
covered in cladding, so that leaking of propagating light to the outside is 
prevented. Further, at least part of the optical waveguide 2 may have a two layer 
structure of a core of a high refractive index and cladding of a low refractive 

index, or a three layer structure, or a structure where the surroundings of the 

.i 

15 core are covered in cladding. The same can also be said for the structure of the 
optical waveguide 2 in the following embodiments. Still further, in the above a 
description is given where the mirror 7 reflects the propagating light H 
propagating from the light input/output end [8 towards the microscopic aperture 6 
but reflection of propagating light H propagating from the microscopic aperture 6 

20 towards the light input/output end 8 by the mirror 7 is also possible. 
Second Embodiment l, < 

FIG. 4 is a side cross-section of an optical microcantilever of a second 

embodiment of the present invention. Here,, ; a nose section 9 is formed at the 

if 

optical microcantilever 20 at an angle with, respect to an optical axis of 
25 propagating light propagating at the light input/output end 8 of the optical 
waveguide 2, and the tip 5 is formed at the end of this nose section 9. Other 
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aspects of the configuration are the same as the configuration for the optical 
microcantilever 10 of the first embodiment and are not described. 

The nose section 9 is, for example, 1 to 200 /im long, and other dimensions 
of the optical microcantilever 20 are the same as for the optical microcantilever 
5 10 of the first embodiment. This nose section 9 can be formed by preparing a 
thick silicon substrate 50 and forming the step formed in FIG. 2(b) so as to be 
long. The manufacturing steps thereafter are the same as the manufacturing 
steps shown in FIG. 2(c) to FIG. 2(h). This optical microcantilever 20 is then 

^3 employed in place of the optical microcantilever 10 of the scanning near field 

^ 10 microscope 1000 of FIG. 3. i 

^3 Propagating light generated by a light source (not shown) enters the optical 

iU waveguide 2 from. -the light input/output end 8 of the optical waveguide 2. The 

mirror 7 reflects propagating light H propagating from the light input/output end 8 
; =y so as to be guided towards the microscopic aperture 6. Near field light is then 

■ ~.t~ 

!, =4 15 generated in the vicinity of the microscopic aperture 6 as a result of the 
□ Jj 

propagating light H attempting to pass through the microscopic aperture 6. The 

ji" 

propagating light can therefore be efficiently reflected towards the microscopic 
aperture 6 because the optical microcantilever 20 employs the mirror 7 to 

change the light path of the propagating light H and the loss of propagating light 

it 

20 can therefore be reduced. |{ 

i* 

According the optical microcantilever 20 of the second embodiment, 
propagating light H can be efficiently reflected towards the microscopic aperture 
6 because propagating light H propagating from the light input/output end 8 of 
the optical waveguide 2 is reflected by the mirror 7 so as to be guided to the 
25 microscopic aperture 6, and loss of propagating light can therefore be reduced. 
Observation of surfaces of materials having substantial steps is therefore made 
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possible by providing the long nose section 9. 
Third Embodiment 

FIG. 5 is a side cross-section of an optical microcantilever of a third 
embodiment of the present invention. This optical microcantilever 30 comprises 
5 an optical fiber guide channel 32 for ^supporting an optical fiber, and a channel 
33 formed between the optical fiber guide channel 32 and the light input/output 
end 8 of the optical waveguide 2, formed at a support section 31. The optical 
fiber guide channel 32 is, for example, a V-shaped groove. Other aspects of the 
configuration are the same as the configuration for the optical microcantilever 10 

10 of the first embodiment and are not described. In addition to the optical fiber, an 
optical element acting on light entering the 1 optical waveguide and acting on light 
exiting from the optical waveguide can be! for example, a light-emitting diode, a 
semiconductor laser, a lens, a beam splitter, or a photodiode, etc. In this case, 
the optical fiber guide channel 32 is an optical element guide made to 

15 correspond to the states of the respective elements. 

FIG. 6 shows the situation when an optical fiber 130 is fixecMo the optical 
fiber guide channel 32 of the optical microcantilever 30. Light propagating from 
the optical fiber 130 enters the optical waveguide 2 via the light input/output end 
8 and is guided to the microscopic aperture 6 by the optical waveguide 2. There 

20 is therefore little trouble involved in aligning the optical microcantilever 30 and 
the optical fiber 130 during changing, etc., because the optical fiber guide 
channel 32 is formed in the optical microcantilever 30. Because a deep 
channel 33 is formed between the light input/output end 8 and the optical fiber 
guide channel 32, an inclined surface (refer to FIG. 14) that provided an 

25 obstacle in the related art no longer provides an obstacle, and the optical fiber 
130 can therefore be brought close to the light input/output end 8. Coupling loss 
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between the optical fiber 130 and the optical waveguide 2 can therefore be 
reduced, the intensity of propagating light entering the optical waveguide 2 can 
be made more substantial, and near field light of a stronger intensity can be 
generated from the microscopic aperture $l 
5 Next, a description is given, using ->^IG. 7 and FIG. 8, of a method for 

f \ ; 

manufacturing the optical microcantilever 30. First, as shown in FIG. 7(a), a 

J.i 

silicon substrate 70 is prepared, but if a mold is made this can also be a glass or 
quartz substrate. Next, as shown in FIG.jj7(b), steps 71 and 72 and the optical 
fiber guide channel 32 are formed at the silicon substrate 70 by anisotropic 
10 etching using KOH or TMAH, and a moldjs made. Then, as shown in FIG. 7(c), 
a reflecting film material 74 and a waveguide material 75 are deposited on the 
silicon substrate 70. The reflecting film material 74 is a high reflectance material 
such as gold or aluminum, and the waveguide material 75 is, for example, silicon 
dioxide or polymide, etc. m 


15 After this, as shown in FIG. 7(d), waveguide material 75 deposited on the step 

71 is removed by dry or wet etching and a pointed tip 5 is formed. Then, as 

shown in FIG. 7(e), a light-blocking film material 77 is deposited so as to cover 

* la- 

the silicon substrate 70, the reflecting i'film material 74 and the waveguide 
material 75. The light-blocking film material 77 is then removed from the end of 

ij 

20 the tip 5 by dry or wet etching and the nricroscopic aperture 6 is formed. After 

!': 

this, as shown in FIG. 7(f), light-blocking film material 77, waveguide material 75 
and reflecting film material 74 deposited oh the step 72 is removed by dry or wet 
etching and the light input/output end 8 is'formed. 

After this, as shown in FIG. 8(d), the silicon substrate 70 is removed from 
25 between the light input/output end 8 and the optical fiber guide channel 32 by 
dry or wet etching and the channel 33 deeper than the optical fiber guide 
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channel 73 is formed. Next, as shown in/FIG. 8(h), reflecting film material 74, 

i !* 

wavequide material 75 and light-blockings film material 77 deposited on the 

\' . 

optical fiber guide channel 32 is removed by dry or wet etching so that the 
optical fiber guide channel 32 is expolfecll ^Finally, as shown in FIG. 8(i), the 
5 silicon substrate 70 that becomes the lig|t input output end remains, and the 
optical microcantilever 30 is formed by etching off the silicon substrate 70 on the 
side of the free end. I- 

According to the optical microcantileverj;30 of the third embodiment, there is 

i > 
j* 

little trouble involved in aligning the opticjal microcantilever 30 and the optical 
10 fiber 130 during changing, etc., because [the optical fiber guide channel 32 is 

j - . $ 

formed. Further, by forming the deep channel 33 between the light input/output 

{[ 

end 8 and the optical fiber guide channel 32, the optical fiber 130 can be located 

close to the light input/output end 8, propagating light of increased intensity and 

\} 

reduced coupling loss can be introduced at the optical waveguide 2, and near 

15. 
t| 

15 field light of substantial intensity can be generated from the microscopic 

I 

aperture 6. I 

f 

This optical microcantilever 30 is [employed in place of the optical 

I 

microcantilever 10 of the scanning near fjteld microscope 1000 of FIG. 3. In 

'v. 

this case,, propagating light focussed by the lens 510 is guided to the optical 

% 

20 waveguide of the optical microcantilever 30[ via the optical fiber. 

!} , 

Further, according to the method of manufacturing the optical microcantilever 

if 

30 of the third embodiment, the optical microcantilever 30 with the deep channel 

if 

33 formed between the light input/outpujt end 8 and the optical fiber guide 
channel 32 can be manufactured in a straightforward manner. Further, batch 
25 processing is possible for the manufacturing steps shown in FIG. 7 and FIG. 8 
by employing silicon processing, and optical microcantilevers with superior 
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productivity and uniformity can therefore bp made. 
Fourth Embodiment 

FIG. 9 is a side cross-section of an optical microcantilever holder of a fourth 
embodiment of the present invention. V-shaped guide channels 42 and 43 are 
formed in a substrate 41 of silicon, stainless steel or plastic of this optical 
microcantilever holder 40, and the guide channel 43 is deeper than the guide 
channel 42. 

FIG 10 and FIG. 11 show the situation when the optical microcantilever 10 of 

the first embodiment and the optical fiber 130 are installed at the optical 

! 

microcantilever holder 40. In FIG. 10, the optical waveguide of the optical 

i 

microcantilever 10 is installed in the guide channel 42 and the optical fiber 130 
is installed in the guide channel 43. On the other hand, in FIG. 11, the optical 

fiber 130 is installed in the guide channel! 42 and the optical microcantilever 10 

t 

is installed in the guide channel 43. In the situation shown in FIG. 11 the tip of 
the optical microcantilever 10 is located;, on the opposite side to the optical 
microcantilever holder 40. It is therefore easier for the tip to be made closer to 
the surface of the sample than in the situation shown in FIG. 10 by the portion 
by where the substrate 41 does not exist between the sample and the tip. In 
addition to the optical fiber 130, an optical element acting on light entering the 
optical waveguide and acting on light exiting from the optical waveguide can be, 
for example, a light-emitting diode, a semiconductor laser, a lens, a beam 
splitter; or a photodiode, etc. In this case, the guide channel 42 and the guide 
channel 43 are optical element guides made to correspond to the states of the 
respective elements. 

According the optical microcantilever holder 40 of the fourth embodiment, two 
guide channels are provided, with the optical microcantilever being installed in 
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one guide channel and the optical fiber being installed in the other guide 
channel. This keeps the trouble involved in aligning the optical microcantilever 
and optical fiber during changing etc., to a minimum. 
Fifth Embodiment ; 

5 FIG. 15 is a structural view of an optical microcantilever 80 of a fifth 

embodiment of the present invention. This optical microcantilever 80 has a head 
ST^at the end of the nose section 9 of the optical microcantilever 20 described 
^ — for the second embodiment of the present invention. The head 81 has the tip 5, 
and the microscopic aperture 6 is formed at the end of the tip 5. The head 81 is 
10 10 to lOO^im long, and other aspects of the configuration are the same as the 
configuration for the optical microcantilever 10 of the first embodiment and are 
not described. 

Propagating light generated by a light source (not shown) enters the optical 
waveguide 2 from the light input/output end 8. The mirror 7 reflects propagating 

15 light H propagating from the light input/output end 8 so as to be guided towards 
the head 81. Near field light is generated in the vicinity of the microscopic 
aperture 6 due to thecomponent of the propagating light guide towards the head 
81 attempting to pass through the microscopic aperture 6. The propagating light 
can therefore be efficiently reflected towards the microscopic aperture 6 

20 because the optical microcantilever 20 employs the mirror 7 to change the light 
path of the propagating light H and the loss of propagating light can therefore be 
reduced. 

FIG. 16 is a view illustrating a method of manufacturing the optical 
microcantilever 80. In a method for manufacturing the optical microcantilever 80 
25 having the head 81, as shown in FIG. 16(a), reflecting film material 51 and 
waveguide material 52 is deposited on a step formed at the silicon substrate 50. 
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Next, as shown in FIG. 16(b), a mask 5.3 is formed at the step formed at the 
silicon substrate 50, and the tip 5 is formed by wet etching. The manufacturing 
steps thereafter are the same as the manufacturing steps shown in FIG. 2(e) to 
FIG. 2(h). This optical microcantilever 80 is employed in place of the optical 
microcantilever 10 of the scanning near field microscope 1000 of FIG. 3. 

As described above, according to the optical microcantilever 80, in addition to 
the effects described for the second embodiment, the shape of the photomask 
used in photolithographic processing canjbe transferred in am accurate manner 
as a result of forming the tip 5 on the upper side of the step formed at the silicon 
substrate 50 in the manufacturing step. This means that the shape of the tip 5 of 
the optical microcantilever 80 can be controlled in a superior manner. 
Sixth Embodiment 

FIG. 17 is a structural view of an optical microcantilever 90 of a sixth 
embodiment of the present invention. The tip 5 of the optical microcantilever 90 
is composed of tip material 91 having a higher refractive index than the material 
composing the optical waveguide 2 and a lens 92 is provided at the surface 
boundary of the optical waveguide 2 and the tip material 91. The lens 92 can 
comprise a convex lens and fresnel lenses etc. as shown in FIG. 17. The optical 
waveguide 2 of the optical microcantilever 90 is formed directly on the support 1 . 
The reflecting film 7 of this optical microcantilever 90 can also be formed 
between the support 1 and the optical waveguide 2, as with the optical 
microcantilever 10. The same can also be said for the presence of the reflecting 
film 7 between the support 1 and the optical waveguide 2 in the preceding and 
subsequent embodiments. Other aspects of the configuration are the same as 
for the optical microcantilever 10 and are not described. 

FIG. 18 is a view illustrating step of manufacturing the optical microcantilever 
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90. In the method described in FIG. 2(a) and FIG. 2(b), waveguide material 52 is 
deposited on the silicon substrate 50 where the step is formed, as shown in FIG. 
18(a). Then, as shown in FIG. 18(b), the waveguide material 52 is flattened by 
methods such as polishing, grinding, or etching, etc. Next, as shown in FIG. 
5 18(c), a mask 58 of photoresist is first formed and a concave shape for forming 
a convex lens is formed in the waveguide material using a method such as wet 
etching. Next, as shown in FIG. 18(d), tip material 91 is deposited by a 
technique such as CVD, sputtering or spin coating, etc., a mask 53 is formed at 
the position where the tip 5 is to be formed, and the tip 5 is formed from the tip 

10 material using an anisotropic etching process such as wet or dry etching. In the 
step described in FIG. 18(c), a Fresnel lens can be formed at the surface 
boundary of the tip 5 and the optical waveguide 2 by forming a Fresnel lens 
shape on the waveguide material 52. In the step described in FIG. 18(c), a 
gradient-index lens can be formed by giving the vicinity of the surface of the 

15 waveguide material 52 a gradient-index using a method such as injecting the 
waveguide material 52 with ions, etc. The steps thereafter are the same as for 
the manufacturing method described in FIG. 2(e) to FIG. 2(h), and are therefore 
not described. Finally, after the step described in FIG. 2(h), the reflecting film 7 
is formed by methods such as sputtering or vacuum deposition from the side of 

20 the support 1 . 

In FIG. 17, propagating light generated by a light source (not shown) enters 
the optical waveguide 2 from the light input/output end 8. The mirror 7 reflects 
propagating light H propagating from the light input/output end 8 so as to be 
guided towards the lens 92. The propagating light H is focussed in the vicinity of 

25 the microscopic aperture 6 by the lens 92 and near field light is generated in the 
vicinity of the microscopic aperture 6 by propagating light H attempting to pass 
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through the microscopic aperture 6. With the optical microcantilever 80, light of 
a high energy density focused by the lens 92 can be guided towards the 
microscopic aperture 6 and the intensity of near field light irradiated from the 
microscopic aperture 6 can therefore be made substantial. 
5 This optical microcantilever 90 is employed in place of the optical 

microcantilever 10 of the scanning near field microscope 1000 of FIG. 3. 

According to the optical microcantilever 90 described above, y- 
in addition to the effects described for the first embodiment, the intensity of near 
field light irradiated from the microscopic aperture 6 is greater than for the 
10 optical microcantilever 10 and the S/N ration of an optical signal obtained by the 
scanning near field microscope 1000 can therefore be improved so that the 
scanning speed of the scanning near field ' microscope can be improved 
accordingly. 
Seventh Embodiment 

15 FIG. 19 is a side cross-section of an optical microcantilever of a seventh 
embodiment of the present invention. With this optical' microcantilever 100, an 
optical fiber guide channel 32 for supporting an optical fiber is formed at a 
support section 31, and the optical waveguide 2 has a projecting section 777 
projecting above the optical fiber guide 32. The optical fiber guide channel 32 is, 
20 for example, a V-shaped groove. Other aspects of the configuration are the 
same as the configuration for the optical microcantilever 1 0 of the first 
embodiment and are not described. In addition to an optical fiber, an optical 
element acting on light entering the optical waveguide or acting on light exiting 
from the optical waveguide can be, for example, a light-emitting diode, a 
25 semiconductor laser, a lens, a beam splitter, or a photodiode, etc. In this case, 
the optical fiber guide channel 32 is an optical element guide which is made to 
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correspond to the states of the respective elements. 

FIG. 20 shows the situation when an optical fiber 130 is fixed to the optical 
fiber guide channel 32 of the optical microcantilever 100. Light propagating from 
the optical fiber 130 enters the optical waveguide 2 via the light input/output end 
5 8 and is guided to the microscopic aperture 6 by the optical waveguide 2. There 
is therefore little trouble involved in aligning the optical microcantilever 100 and 
the optical fiber 130 during changing of the optical microcantilever 100, etc., 
V because the optical fiber guide channel 32 is formed in the optical 

5 ' microcantilever 100. Further, the optical fiber 130 can be located close to the 

= i 10 light input/output end 8 because the light input/output end 8 is located above an 
3 inclined surface that presented an obstacle in the related art (refer to FIG. 14). 

U Coupling loss between the optical fiber 130 and the optical waveguide 2 can 

therefore be reduced, the intensity of propagating light entering the optical 

Q waveguide 2 can be made more substantial, and near field light of a stronger 

=y 

*i 15 intensity can be generated from the microscopic aperture 6. 

3 

^ FIG. 21 and FIG. 22 are views describing a method for forming the projecting 

section 777 of the optical microcantilever 100. The step of the situation shown in 
FIG. 21(a) is proceeded to using the method described in FIG. 2(a) to FIG. 2(e). 
t . When there is no reflecting film 7 between the optical waveguide 2 and the 

1 20 support 1, the reflecting film material 51 is not deposited and the process may 
proceed. The following is a description of the case where there is no reflecting 
film 7 between the optical waveguide 2 and the support 1. Next, the waveguide 
material . 52 is patterned in the manner shown in FIG. 21(b) using 
photolithographic techniques and anisotropic etching. A mask 101 is then formed 
25 as shown in FIG. 21(c). The mask 101 is composed of, for example, silicon 
nitride or silicon dioxide. An enlarged plan view of the portion enclosed by a 
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dotted line in FIG. 21(c) is shown in FIG. 22(a), and a cross-section taken along 
line A-A of FIG. 22(a) is shown in FIG. 22(b). The optical fiber guide channel 32 
is then formed as shown in FIG. 21(d) by anisotropic wet etching of TMAH or 
KOH while at the same time the cantilever composed of the optical waveguide 2 
5 is released. An enlarged plan view of the portion enclosed by a dotted line in 
FIG. 21(d) is shown in FIG. 22(c), and a cross-section taken along line A-A of 
FIG. 22(c) is shown in FIG. 22(d). The mask material 101 is then patterned as 
shown in FIG. 22(a) and the projecting section 777 is formed -by carrying out 
: i crystal anisotropicetching. Next, as shown in FIG. 21 (e), light-blocking material 

^ 10 55 and reflecting film material 51 is formed by sputtering or vacuum deposition, 
and a microscopic aperture is formed at the end of the tip 5. Finally, the optical 
microcantilever 100 is formed by removing unnecessary portions of the optical 
fiber channel 32. 

;;S FIG. 23 is a plan view of the optical fiber channel 32. In addition to the pattern 

15 for the optical fiber channel 32 described in FIG. 22(c), the optical fiber channels 
}* 32 shown in FIG. /23(a) and FIG. 23(b) can also be formed by the step described 

in FIG. 21(d) by changing the pattern of the mask material 101 of FIG. 22(a). 
According to the structure shown in FIG. 23(a), this step is simplified because it 
is not necessary to remove unrequired portions of the optical fiber channel 32. 
20 Further, according to the structure shown in FIG. 23(b), the guide consists of the 
portion shown by Y in the drawings and it is therefore easy to introduce the 
optical fiber into the optical fiber channel 32. 

This optical microcantilever 100 is employed in place of the optical 
microcantilever 10 of the scanning near field microscope 1000 of FIG. 3. 
25 As described above, according to the optical microcantilever 100 of the 

present invention, the effects obtained for the third embodiment can be obtained 
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just with a process of forming the optical fiber guide channel 32. The 
manufacturing process is therefore simplified and a lower cost optical 
microcantilever 100 can be provided. Further, according to the structure shown 
in FIG. 23(b), handling is made easier because the optical fiber can be installed 
5 in a straightforward manner. 
Eighth Embodiment 

FIG. 24 is a structural view of a section for introducing light into an optical 
microcantilever of an eighth embodiment of the present invention. 

A light introducing section of an optical microcantilever comprises a core 2a 
10 and cladding 2b of the optical waveguide 2 formed on the supporting part 1, and 
a core 110 and cladding 111 of a light propagating body for introducing light into 
the optical waveguide 2. The core 2a and the core 110 come into contact for a 
length L1 , with a gap between the core 2a and the core 1 1 0 being a few tens to 
a few hundreds of nm. The length L1 is 500 to 3000 urn. When propagating light 

15 H from a light source (not shown) enters the core 110, light leaking out from the 

i 

core 110 at the portion L1 combines with the core 2a and propagating light H 
within the core 2a can be propagated. FIG. 24(b) is a perspective view of the 
situation of FIG. 24(a). Just the core 2a and the core 110 are shown for 
simplicity. The width W1 of the core 2a is 5 to 100^im and the width W2 of the 
20 core 110 is 3 to SO^m and is smaller than W1. Light can therefore be 
introduced into the core 2a at a high coupling efficiency with normal micrometer 
precision. 

Further, as shown in FIG. 24(c) when the thickness of the core 110 gradually 
becomes thinner, a light introducing section of a higher coupling efficiency than 
25 that shown in FIG. 24(a) can be obtained. 

As described above, according to the light introducing section of the eighth 



embodiment of the present invention, a light introducing section having a higher 
coupling efficiency can be obtained in a straightforward manner. 
Ninth Embodiment 

FIG. 25 is a structural view of an optical microcantilever 200 of a ninth 

■it;' 

5 embodiment of the present invention. ;Mn;;addition to the structural elements of 

& to. 

the optical microcantilever 100, the optical microcantilever 200 has a 
light-blocking wall 758. The light-blocking wall 758 comprises silicone rubber in 
the form of resin or clay. The light-blocking wall is a few hundred urn to a few 
mm high and a few tens of ^im to a few mm thick. 

10 This optical microcantilever 200 is employed in place of the optical 

microcantilever 1 0 of the scanning near field microscope 1 000 of FIG. 3. 

Light scattered by the connecting part of the optical fiber 130 and the optical 
waveguide 2 can then be prevented from leaking in the direction of the tip 5 by 
the light-blocking wall 758. According to this optical microcantilever 1000, an 

15 optical image with a high S/N ratio can be obtained by a ! scanning near field 
microscope. When the sample being measured is a luminescent material, 
damage to the material in the form of bleaching can be avoided. The scanning 
speed of the scanning near field microscope can then be improved as a result of 
obtaining an optical signal with a high S/N ratio. 

20 Tenth Embodiment 

FIG. 26 is a structural view of an optical microcantilever 300 of a tenth 
embodiment of the present invention. In addition to the structural elements of 
the optical microcantilever 100, the optical microcantilever 300 has 
light-blocking material 759 and a light-blocking film 760. The light-blocking 

25 material 759 is formed on the light-blocking film 3. The light-blocking film 760 is 
fixed by the light-blocking* material 759 and the other end of the light-blocking 
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film is covered by the output end of the optical fiber 130. 

The light-blocking material 759 comprises silicone rubber in the form of resin 

or clay. The light-blocking film 760 consists of a metal such as aluminum or 

■si - 

copper etc. or silicone rubber in the fo'fm 'of a resin. The light-blocking material 

759 is a few tens of n-m to 1mm thickf and the light-blocking film 760 is a few 
tens to a few hundreds of urn thick. The light-blocking film 760 can therefore be 
moved by plastic or elastic deformation. 

This optical microcantilever 300 is employed in place of the optical 
microcantilever 10 of the scanning near field microscope 1000 of FIG. 3. 

According to this optical microcantilever 300, the effects described for the 
ninth embodiment can be obtained with the thin light-blocking material 759 and 
the light-blocking film 760 and the optical microcantilever 300 can therefore be 
thinner than the optical microcantilever 200. Further, as the light-blocking film 

760 is movable, the light input/output end 8 can be made to be seen when 
deciding the position of the optical fiber 130 and positioning of the optical 
element can therefore be carried out in an accurate manner. 

Eleventh Embodiment 

FIG. 27 is a structural view of an optica! microcantilever 400 of a tenth 
embodiment of the present invention. In addition to the structural elements of 
the optical microcantilever 100, the optical microcantilever 400 has 
light-blocking material 759 and a light-blocking film 760. ^The light-blocking 
material 760 is directly fixed onto the light-blocking film 3 by, the light-blocking 
material 759. 

The light-blocking wall 759 comprises silicone rubber in the form of resin or 
clay. The light-blocking film 760 consists of a metal such as aluminum or copper 
etc. or silicone rubber in the form of a resin. The light-blocking material 759 is a 
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few tens of jxm to 1mm thick, and the light-blocking film 760 is a few tens to a 
few hundreds of fxm thick. 

This optical microcantilever 400 is employed in place of the optical 
microcantilever 10 of the scanning near field microscope 1000 of FIG. 3. 
5 According to the optical microcantilever 400, in addition to the effects 

described in the eleventh embodiment, the optical microcantilever can be made 
smaller than the optical microcantilever 300 described in the tenth embodiment 
because the thin light-blocking film 760 is fixed by the thin light-blocking material 
759. Further, the light-blocking material 759 is in direct contact with the air and 
10 can therefore be dried easily, which means that the light-blocking film 760 can 
be fixed in a short time. 

Industrial Applicability 

As described above, according to the optical microcantilever of claim 1, 

15 there is provided a reflecting film for reflecting light propagated from the light 
input/output end in such a manner that the light is guided towards the 
microscopic aperture, or reflecting light propagated from the microscopic 
aperture towards the light input/output end. Loss of propagating light due to the 
generation of near field light can therefore be reduced. 

20 Further, according to the optical microcantilever of claim 2, there is provided 

a portion having an angle with respect to an optical axis of propagating light 
passing through the light input/output end and monitoring of surfaces of 
materials having substantial steps is therefore possible. 

According to the optical microcantilever of claim 3, because the optical 

25 waveguide of this optical microcantilever comprises a core, and cladding 
deposited on one side of the core, or both sides of the core, or deposited so as 
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to surround the core, propagating light propagated by the optical waveguide is 
prevented from leaking to the outside, and the propagating light is propagated 
within the optical waveguide under conditions of total reflection, so that light is 
propagated in an efficient manner. 
5 Further, according to the optical microcantilever of claim 4, 

as a result of providing this optical microcantilever with a light-blocking film on 
the optical waveguide at the side where the tip is formed,, and a reflecting film at 
the opposite side to the side where the tip is formed, .propagating light 
propagated by the optical waveguide is prevented from leaking to the outside, 

10 and the propagating light is therefore propagated in an efficient manner. 

Further, according to the method of manufacturing an optical microcantilever 
of claim 5, this manufacturing method includes the steps of forming a step of a 
prescribed angle at a substrate, depositing a reflecting film on the substrate, 
depositing an optical waveguide on the reflecting film, working the reflecting film 

15 and the optical waveguide so as to form a tip, depositing a light-blocking film on 
the optical waveguide, forming a microscopic aperture at the end of the tip, and 
forming a supporting section by having substrate remain on the side to be the 
light input/output end and removing the substrate on the side tp be the free end. 
Propagating light loss can therefore be reduced, and an optical microcantilever 

20 with superior productivity and uniformity can be made in a straightforward 
manner. 

Further, according to the method of manufacturing an optical microcantilever 
of claim 6, the angle of the step formed in the step forming step is an angle that 
enables propagating light propagating from the light input/output end to be 
25 guided towards the microscopic aperture by the reflecting film deposited in the 
reflecting film depositing step, or is an angle that enables propagating light 
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propagating from the microscopic aperture to be guided towards the light 
input/output end. The propagating light can therefore be reflected in an efficient 
manner due to the generation of the near field light and an optical 
microcantilever where loss of propagating light is reduced can be easily made. 
5 Further, according to the optical microcantilever of claim 7, by forming a 

channel between the light input/output end of the optical waveguide and the 
optical element guide, the optical element can be located close to the light 
input/output end and loss of propagating light can be reduced so that near field 
% light of substantial intensity can be generated. 

,^ 10 Further, according to the method of manufacturing an optical microcantilever 
of claim 8, there are provided the steps of forming a step at least in the proximity 

^ of a location at the light input/output end of the optical wave guide at the 

substrate, forming an optical element guide at the substrate, depositing an 

0 optical waveguide on the substrate, removing the optical waveguide at the 

y 

^ 15 location where the step is formed in the step forming step so as to form the light 
! * input/output end of the optical waveguide, forming a channel by working the 

substrate between the light input/output end and the optical element guide, 
removing the optical waveguide on the optical element guide so as to expose the 
optical element guide, and forming a supporting section by having substrate 
20 remain on the side to be the light input/output end and removing the Substrate 
on the side to be the free end. Propagating light loss can therefore be reduced, 
and an optical microcantilever with superior productivity and uniformity can be 
made in a straightforward manner. 

Further, according to the method of manufacturing an optical" microcantilever 
25 of claim 9, there are provided the steps of forming a step at least in the proximity 
of a location at the light input/output end of the optical wave guide at the 
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substrate, forming an optical element guide at the substrate, depositing a 
reflecting film on the substrate, depositing an optical waveguide on the reflecting 
film, working the optical waveguide so as to form a tip, depositing a 
light-blocking film on the optical waveguide, forming a microscopic aperture at 
5 the end of the tip, removing the light-blocking film, optical waveguide and 
reflecting film at the location where the step is formed in the step forming step 
so as to form the light input/output end of the optical waveguide, forming a 
channel by working the substrate between the light input/output end and the 
optical element guide, removing the light-blocking film, optical waveguide, and 

10 reflecting film on the optical element guide so as to expose the optical element 
guide, and forming a supporting section by having substrate remain on the side 
to be the light input/output end and removing the substrate on the side to be the 
free end. An optical microcantilever which can easily be aligned with the optical 
element and which has superior productivity and uniformity can therefore be 

15 obtained. 

Further, according to the optical microcantilever holder of claim 10, there is 
provided an optical microcantilever guide for supporting the optical 
microcantilever and an optical element guide for supporting an optical element 
for introducing light into the optical microcantilever. The optical microcantilever 

•J: 

20 and the optical element can therefore be aligned simply by installing the optical 
microcantilever at the optical microcantilever guide and installing the optical 
element at the optical element guide and work involved in this alignment is kept 
to a minimum. 

Further, according to the optical microcantilever of claim 11, monitoring of 
25 surfaces of materials having substantial steps is possible using the nose section. 
Further, according to the optical microcantilever of claim 12, the tip can be 
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formed with a flat head portion, and forming of the tip is therefore 
straightforward. 

Further, according to the optical microcantilever of claim 13 to claim 16, light 
of a high energy density can be guided into the microscopic aperture using the 
5 lens and near field light irradiated from the microscopic aperture can be of a 
substantial intensity. Further, light detected by the microscopic aperture can be 
transmitted to a detector in an efficient manner as detection light by collimating 
the detected light using the lens. 

Further, according to the optical microcantilever of claim 17, because the tip 
10 of this optical microcantilever is formed of a material of a high refractive index, 
efficiency of irradiation of light from the microscopic aperture and/or the 
efficiency of generation of near field light to be detected and/or the efficiency of 
detection can be increased. 

The S/N ratio of a light image can therefore be increased and the scanning 
15 speed be made faster for the scanning near field microscope. The efficiency of 
generation and/or detection of the near field light is therefore good, and an 
optical microcantilever suited to applications in the fields of processing and 
analysis can therefore be provided. 

Further, according to the optical microcantilever of claim 18, a distance 
20 between the light input/output end and the optical element can be made shorter 
because the light input/output end projects above the optical element guide. The 
efficiency with which light entering the optical waveguide and/or light outputted 
from the optical waveguide can be introduced and/or detected is therefore good. 
Further, according to the optical microcantilever of claim 19 to claim 23, the 
25 light-blocking means ensures that light scattered by the light input/output end is 
not transmitted in the direction of the tip and this therefore improves the S/N 
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ratio of optical images of the scanning near field microscope, so that the 
scanning speed of the scanning near field microscope can be improved 
accordingly. Further, deciding of the position of the optical element and the light 
input/output end of the waveguide can be performed during observation because 
the light-blocking film is movable and positioning of the optical element can 
therefore be carried out in a precise and straightforward manner.* 


